We investigate the influence of the R-parity violating couplings λ, λ ′ and λ ′′ on the branching ratio of b → sγ in leading logarithmic approximation. The operator basis is enlarged and the corresponding γ-matrix calculated. The matching conditions receive new contributions from the R-parity violating sector. The comparison with the experiment is rather difficult due to the model dependence of the result.
Introduction
The decay b → sγ, forbidden at tree-level in the Standard Model (SM), is an excellent candidate for exploring the influence of new physics beyond the SM. However, the experimentally measured branching ratio Br(B → X s γ) = (3.15 ± 0.93) · 10 −4 [1] is in perfect agreement with the SM prediction computed at the next-to-leading order:Br(b → sγ) SM = (3.28 ± 0.30) · 10 −4 [2] . This leads to the conclusion that the influence of new physics on this decay is either very limited or the new contributions cancel among each other to a large extent. The most serious and attractive extention of the Standard Model is Supersymmetry (SUSY). It has a variety of very appealing features. For instance it provides a natural solution to the hierachy problem. SUSY doubles the particle spectrum of the SM providing every fermion with a bosonic partner and vice versa. If SUSY were an exact symmetry of nature the new particles would be of the same mass as their partners. This is definitly excluded from experiment. Therefore SUSY must be broken. To retain the solution of the hierarchy problem one allows only a breaking which does not introduce quadratic divergences in loop diagrams. Although this reduces the set of possible breaking terms substantially to the so-called soft-breaking terms the number of free parameters of softly broken SUSY still exeeds one hundred. This theory, i.e. SUSY with soft breaking terms and no others, emerges naturally as low energy limit of local supersymmetry, Supergravity (SUGRA) by breaking it at some high scale ∼ 10 11 GeV and taking the so-called flat limit [3] . The connection to supergravity eliminates much of the freedom in choosing the parameters for the soft breaking terms, enhancing the predictive power of the model. Viewing naturalness as a first principle in model building one runs immediately into a problem: The Yukawa interactions are fixed by the so-called Superpotential W , which is the most general third degree polynomial that can be built of gauge invariant combinations of the (left-handed) superfields of the theory. In the case of the minimal extension of the standard model with gauge group SU (3) × SU (2) × U (1) it shows the form
where Q, U c , D c , L, E c , H 1 and H 2 label the left-handed superfields that describe left-and right-handed (s)quarks and (s)leptons and the Higgs-bosons (-fermions) respectively. The terms on the second line of (1) lead to unwanted baryon-and lepton-number violating vertices. The product λ ′ ijk · λ ′′ ijk , for instance, is restricted to be smaller than 10 −10 [4] . It is not obvious why the coefficients of these terms should not be of order unity if the corresponding interaction is not protected by any symmetry. Hence one way to avoid these unwanted couplings is the invention of a new discrete symmetry, called R-Parity [5] . The multiplicative quantum number R is then defined as
where s is the spin of the particle. The particles of the standard model are then R-parity even fields while their supersymmetric partners are R-parity odd fields. The superfields adopt the value of R from their scalar components. The terms on the second line of (1) are then forbidden by this symmetry. One ends up with the Minimal Supersymmetric Standard Model (MSSM) [6] . One could even go one step further and promote this new symmetry to a U (1) gauge symmetry (R-symmetry). The R-charges must then be chosen such that the "nice" terms remain in the Lagrangian and the unwanted terms will not be allowed anymore.
Further requirement is the vanishing of possible additional anomalies [7] . This scenario is preferred from a string theoretical view because in string theory one has many additional U (1)'s "floating around", what makes the introduction of this symmetry more natural. It is interesting to explore what the constraints on the R-parity violating couplings, especially λ ijk , λ ′ ijk and λ ′′ ijk , are from the experimental point of view. Bounds on these couplings have been found by many authors [8] . Sometimes the bounds on products of couplings are more restrictive than the products of the individual bounds. Depending on the reactions that the couplings are involved in the constraints from experiment are very strong or rather poor. In this paper we want to explore the (theoretical) influence of λ, λ ′ and λ ′′ on the decay b → sγ. This has been done before by other authors [9] . However, here we will include the full operator basis at leading-log of the effective lowenergy theory. The comparison with the experiment must result in bounds that are model dependent. The relevant couplings are proportional to the inverse mass-squared of particles (Higgs, SUSY-partners) that have not yet been detected. However, it is clear from next-to-leading-log calculations that the prediction of the MSSM with a realistic mass spectrum lies within the current experimental bounds. Because of the strong model dependence we do not perform our calculations at Table 1 : Superfields of the MSSM with their component fields highest precision. Nevertheless we try to include all the possibly relevant contributions at leading-log. We do not claim our results to be very accurate. It is the aim of this paper to explore if b → sγ has the potential power to reduce the bounds of (products of) some of the R-parity breaking couplings substancially, i.e. by some order of magnitude. This article is divided as follows: Section 2 introduces the model we are working with. We try to describe as precise as possible what our assumptions are. The following section deals with the effective Hamiltonian approach. The enhanced operator basis is presented and the γ-matrix as well as the matching conditions at M W calculated. The comparison with the experiment is performed in section 4. Section 5 contains our conclusions. In the appendix we present some technical details of our computations, namely the mixing matrices,the relevant part of the interaction Lagrangian and the RGE's that are needed.
Framework
In supersymmetry the matter fields are described by left-handed chiral superfields Σ i . They contain a scalar boson z i and a two-component fermion ψ i . Real vector superfields V a are needed to form the gauge bosons A a µ and the gauginos λ a . The minimal supersymmetric standard model is the model with the smallest particle content that is able to mimic the features of the standard model, i.e. including all the observed particles, gauge group SU (3) colour ×SU (2) weak ×U (1) Y , spontaneous symmetry breaking and the Higgs mechanism. Its superfields together with their components are collected in table 1.
A few comments are in order:
• Because the theory only deals with left-handed chiral superfields the SU (2)-singlet matter fields must be defined via their charged conjugated (anti-) fields.
• No conjugated superfields are allowed in the superpotential W . Therefore we need to introduce a second Higgs field to give the up and the down quarks a mass when the neutral components gain a vacuum expectation value (vev).
• The L's and R's in the names of squarks and sleptons only identify the fermionic partners. These fields are just normal complex scalar bosons.
It must be mentioned that the fields in table 1 are not the physical fields.
• In the Higgs sector three degrees of freedom are eaten by the gauge bosons in analogy to the SM. We end up with one charged and three neutral Higgs bosons.
• Higgsinos and gauginos of SU (2) × U (1) mix to form charginos and neutralinos.
• Photon, W -and Z-boson form when the electroweak symmetry breaks down.
• The three generations of quarks and leptons mix via the Cabibbo-Kobayashi-Maskawa-matrix K to give the mass eigenstates in complete analogy to the standard model.
• The family mixing also takes place in the squark and slepton sector. However, there is an additional mixing between the partners of left-and righthanded fermions due to the soft-breaking terms.
Appendix A gives a more detailed description of the different mixings including a complete listing of all relevant mixing matrices.
The component expression of the Lagrangian we base our model on can be written as
where
• L kin and L int stand for the kinetic energies, the interactions between chiral and gauge fields and part of the scalar potential.
• L W contains the rest of the scalar potential and the Yukawa interactions:
where W should be viewed as a function of the scalar fields.
• W is the superpotential which contains all possible gauge invariant combinations of the left-handed superfields (but not their conjugated righthanded partners). In our case, this results in equation (1) . It should be noted that every term is a gauge invariant combination of the corresponding superfields, for instance,
, where α and β are SU (2)-indices, A is an SU (3)-index and ǫ αβ is the completely antisymmetric tensor with ǫ 12 = 1. The second line of (1) represents the R-parity breaking sector. As a consequence of the antisymmetry in the fields λ is antisymmetric in its first two indices and λ ′′ is antisymmetric in its last two indices. Therefore the trilinear R-parity breaking couplings of W contain 9 + 27 + 9 = 45 new parameters. In principle, one could have introduced a term ∼ H 1 H 1 E c i . Although such a term would give rise to three additional coupling constants, it would not introduce new vertices because they can all be accessed through a combination of the terms H 1 LE c , LH 2 and H 1 H 2 . Therefore, we neglect this coupling.
• V soft includes the soft-breaking trilinear terms of the scalar potential and mass terms for the scalar fields and the gauginos. It has the form
The MSSM in its full generality with an additional R-parity breaking sector involves over 150 free parameters. These are by far too many for the model to be predictive. In the following we will reduce the parameter space substancially by making some assumptions that are, hopefully, well motivated. As a first step it is important to mention that we see our softly broken global SUSY at a low energy scale ∼ M Z emerging from a spontaneously broken local supersymmetry at a high scale M X ∼ 10 16 GeV taking the flat limit M Planck → ∞, m 0 := m gravitino =constant. This fixes most of the parameters of V soft at M X :
• All the coefficients of the trilinear terms in V soft are related to the corresponding terms of W by a multiplication with a universal factor Am 0 :
• An analogous statement holds for the bilinear terms:
where usually
• The mass term of the scalars are diagonal and universally equal to the gravitino mass m 0 : m
We assume unification of the gauge group at M X . As a consequence all the gaugino masses are equal at that scale:
Not all entries of the Yukawa-matrices λ u ij , λ d ij and λ e ij are observable in the SM. One usually chooses two of them (in most cases λ d and λ e ) to be diagonal. Although this is in principle not possible in our model we will adopt this choice here for convenience. All the entries at M W are then fixed by the quark/lepton masses, the vevs v 1 and v 2 of the neutral Higgs bosons H 1 and H 2 respectively and the Cabibbo-Kobayashi-Maskawa-matrix K.
µH 1 H 2 is the so-called µ-term. The mass parameter µ must be of order of the weak scale whereas the natural scale would be the Planck mass M P ∼ 10
19
GeV. The question why this parameter is so small is referred to as the µ-problem. µ 2i L i H 2 andμ 2ilih2 mix Higgs and leptonic sector. We choose to set
can be rotated away with the help of a field redefinition of the Higgs field whereasμ 2i is, at least in the case of a physically realistic spectrum, small enough to be neglected. One ends up with the following free paramameters:
Usually, one replaces one of these parameters by tan β = v2 v1 . A second parameter will be fixed by the requirement of a correct electroweak symmetry breaking. This means, the minimum of the scalar Higgs potential must occur at values (v 1 , v 2 ) which reproduce the correct mass of the Z-boson:
It has been realized by many authors [10] that the tree-level potential
is not enough to gain sensible values for v 1 and v 2 . Thus we have to include the first correction ∆V to the effective potential. At a mass scale Q, it has the form [11]
Here, Str denotes the supertrace and M 2 is the tree-level mass matrix squared. p runs over all particles of the theory whereas M p is the corresponding eigenvalue (mass) of the particle. n p counts for the degrees of freedom according to colour and helicity. The eigenvalues M p depend on the neutral components of h 1 and h 2 and therefore change the shape of the potential and its minimum. of the particles, they can only be computed numerically. One comment is in order: A phase rotation of the Higgs fields can turn a negative vev into a positive one. This freedom is reflected in the fact that the sign of µ can be chosen freely giving then a different phenomenology. To compute the mixing matrices and the one-loop effective potential one has to know the mass matrices at M Z . Unfortunately, for most of the parameters we know the boundary conditions at the high scale M X . Hence one has to set up the complete set of RGE's to run the parameters from M X to M Z . The details of how to get a consistent parameter space are described in section 4, the complete set of RGE's can be found in appendix B.
3 The effective Hamiltonian [12] 3.1 The case of the MSSM The decay b → sγ occurs at energies of a few GeV∼ m b . This is much below the weak scale. It makes sense to work with an effective Hamiltonian H eff where all the heavy fields (compared to m b ) are integrated out. In the SM these are the Z-and the W -boson and the top quark whereas for our purposes the Z-boson does not play any role. A result of integrating out these fields is the appearance of new local operators of dimension higher than four. This can be illustrated by the shrinking of the Feynman diagrams in fig. 1 .
Once one lets the strong interaction come into the game, QCD corrections of these new operators give rise to additional operators. For a consistent treatment of all the corrections at a certain level of QCD we have to include a set of operators O i which closes under these corrections. Our low-energy theory is then described by an effective Hamiltonian
The QCD renormalization of the operators must be performed at a scale where no large logarithms appear, i.e. at µ ∼ M W . However, a calculation of Br(b → sγ) at energy scales ∼ m b requires the knowledge of the Wilson coefficients C i at that scale. The C i 's depend on a renormalization scale µ. They obey the renormalization group equations where γ ij is the gamma-matrix that emerges from the QCD-mixing of the operators O i . As initial conditions we find C i (M W ) by matching the effective theory with the full theory at that scale. The RGE's are then solved to give
In the standard model the relevant set of operators for b → sγ is given by
Here, It is interesting to note that in the MSSM without R-parity violation the relevant operator basis does not change although we definitly have new decay channels. The γ-matrix at leading-log can be found in appendix C by picking up the relevant entries. Because the contribution of the diagram in figure 3 is not divergent, the mixing of O 1 − O 6 with O 7/8 involves two-loop diagrams like those of figures 4 and 5 [13] .
Although we only need the divergent part of these diagrams one has to be very careful in computing the counterterms because one must include certain additional operators [14, 15] , so-called evanescent operators that vanish in four dimensions but must be kept in D dimensions in all intermediate steps of the calculation. Furthermore, the two-loop results are regularization scheme dependent [15] . This regularization scheme dependence of the γ-matrix cancels with possible finite one-loop (but O(α 0 s )) contributions from O 5 and O 6 , inserted in the diagram of figure 3, to the matrix element of b → sγ. As a result of these complications, the calculation of the γ-matrix at leading-log has been finished only few years ago [16, 17] . Meanwhile, also the next-to leading result is known [18, 15] . We will concentrate on the leading-log calculation.
The matching of the effective theory with the full theory at M W must be performed only at order α 0 s because the leading QCD corrections are already included in the operator mixing. In the standard model this involves diagrams with a W -exchange for O 2 and diagrams with a W -t-loop (in the unitary gauge) for O 7/8 corresponding to figure 6 a). The result is then [19] 
Figure 5: Two-loop diagrams needed for calculating the γ-matrix. The wavy line can be a photon or a gluon. These diagrams have a closed fermion loop.
and the functions F i are given in appendix D.
The matching conditions for C 7/8 become far more complicated in the case of the MSSM, even without R-parity violation. In addition to the W -t-loop there are four more combinations of particles in the loop:
Figure 6: Diagrams that contribute to the matching of O 7/8 andÕ 7/8 . The outgoing photon/gluon is attached at every possible position.
In principle, these contributions give rise to two new operators
Note thatÕ 7/8 differ from O 7/8 only by their handiness. The Wilson coefficients of these new operators are usually so small that they can be safely neglected [20] . However, we will include them in our calculations because we need them later on anyway. We only neglect contributions from the Higgs sector which are proportional to some light quark masses. The matching conditions become rather involved now. They include many mixing matrices, whose definitions we give in appendix A.1. We have [20] 
. (25) 3.2 Including the R-parity breaking terms
The new operator basis
As mentioned before, the difference between the standard model and the MSSM does not lie in a change of the operator basis but rather in different matching conditions at M W . This situation changes drastically if one includes the Rparity breaking sector. Now our basis has to be enlarged. To find out which are the relevant new operators we first write down the R-parity breaking Yukawa couplings:
Here, all the fields belong to the mass basis. The colour indices have been omitted.
The next task is to build four-quark operators out of two Yukawa couplings that contribute at O(α s ) to b → sγ. The boson serves as a bridge between the fermions in analogy to the W boson in the standard model. The following points must be taken care of:
• The top quark is not at our disposal in the five flavour effective theory.
• We not only need an ingoing b and an outgoing s. The two remaining quarks must be of the same type because one has to be able to close the loop with these fermions.
It is clear that L λ cannot participate because it contains no squarks and semi-leptonic operators can be neglected. Also, L λ ′ does not mix with L λ ′′ . As an example, we take the first term of L λ ′ together with his hermitian conjugate. The situation is depicted in fig. 7 :
In the first step we used the fact that the two squarks have to be of the same type and the unitarity of the CKM-matrix. In the second step we performed a Fierz rearrangement. This is done to get the same structure (i.e. two vectors) for the four-fermion operator as in the standard model case. The advantages of this rearangement will become clear when calculating the γ-matrix. In the last line we put the colour indices α, β for clarity. As one can see clearly, the effect of the (unitary) squark mixing matrix Γ e L becomes enhanced if the masses of the selectrons are very different for the three generations. If there were a mass degeneracy they would simply give a factor δ ia . This is a general feature in our calculations.
The operator that appears in eq (30) is of a new type. It consists of a right-handed b-and a right-handed s-quark. (Actually, these are two operators, one with a pair of u-quarks and the other with two c-quarks.) 
It is worth noting that the operators P 1 -P 8 emerge directly from the Lagrangian and P 9 -P 12 are induced through QCD corrections. One would expect partners of P 1 -P 8 with colour structure (αα)(ββ) to be introduced by QCD. This does not happen at leading-log (accidently).
L λ ′′ leads to the following additional operators:
Here, all the operators R 1 -R 6 appear already in the tree-level effective Lagrangian.
The γ-matrix
The whole basis now consists of 28 operators. Their QCD-mixing is described by a 28 × 28-γ-matrix. It is depicted in appendix C. There are three different blocks in this matrix that have to be treated in separate ways.
• mixing of four-fermion operators among themselves This block involves the one-loop diagrams of fig. 2 . There are no further complications. The mixing of O 1 -O 8 is known already since a long time [21] .
• mixing of O 7 , O 8 andÕ 7 ,Õ 8 among themselves These entries need not to be computed. The mixing of O 7 and O 8 is known and the new operators mix in exactly the same way such that the corresponding numbers can be copied.
• mixing of the four-fermion operators with
This task is more difficult. In principle, one has to compute the divergent part of all the diagrams of figures 4 and 5 together with their counterterms and the contributions of the evanescent operators [22] . Moreover, there are four different types of chiralities to be inserted: (LL)(LL), (LL)(RR), (RR)(LL) and (RR)(LL). For the first two this calculation had to be performed for the case of the standard model. The detailed results are listed in [16] . The second two types of insertions are new. Fortunately, one can deduce the divergent parts of these types of insertions by making the following two observations:
-In the diagrams that contain a closed fermion loop ( fig. 5 ) the divergence (as well as the finite part) does depend on the chirality of the quarks running in the loop but not on the chirality of the s-and the b-quark. Hence, if an insertion of operator of typ (LL)(LL) gives a contribution to O 7/8 the (RR)(LL) operator will give exactly the same contribution toÕ 7/8 .
-The situation for the diagrams of fig. 4 is different. Here, it is crucial if the two quark pairs of the inserted operator have the same or opposite chirality. Thus, an insertion of a (RR)(RR) leads to the same divergence as an insertion of a (LL)(LL) as well as the divergence of an insertion of a (RR)(LL) is the same as for the case of (LL)(RR).
To summarize, the mixing of the four-fermion operators withÕ 7/8 can be deduced completely from the results of [16] .
All the previous calculations involve γ 5 . It is therefore clear that the results depend on the regularization scheme. This dependence will be canceled by finite one-loop (but O(α 0 s )) contributions of some four-fermion operators Q i to the Amplitude A of b → sγ through the diagram of fig. 3 . Schematically, the result is then
(33) An alternative [23] is to define effective coefficients in a way that A becomes
This can be achieved by defining four vectors {y i }, {z i }, {ỹ i } and {z i } through
The effective Wilson-coefficients must be defined as
The vector
is then regularization scheme independent. Remember that the index i runs over all four fermion operators. The effective coefficients obey RGE's which can be derived from the RGE's for C k (µ), where k labels the whole set of operators. They are
where • a b-quark running in the loop.
This reduces the possibilities to O 5 , O 6 , P 5 , P 8 , P 11 and P 12 . The results for {y i }, {z i }, {ỹ i } and {z i } are then
In the case of the standard model we have
. Now, some of the coefficients get changed:
The matching conditions
The matching for the additional four-fermion operators must only be performed at tree-level. The matching conditions are therefore easily derived. An example is given in (30). The complete set is
In C eff P2 (M W ) we included a term coming from Higgs exchange because it can possibly be large in the case of a large tan β. There are some more terms to add to C 7 , C 8 ,C 7 andC 8 , too
(47)
b → u/c eν
It is convenient to express the branching ratio Br(b → sγ) through the semileptonic decay b → u/c eν [24] :
where we take Br exp (b → u/c eν) = 10.5% [25] . This has the advantage that the large bottom mass dependence (∼ m 5 b ) cancels out. In the SM the semileptonic decay is mediated by a W -boson ( fig. 8 a) whereas in the case of the MSSM the charged Higgs can take the role of the W . However, the coupling to the leptons is proportional to the electron mass and hence it can be safely neglected. Introducing the R-parity breaking terms (27) - (29) offers new decay channels depicted in fig. 8 b) and c) which have to be included in the decay width. Please note the following few things:
• In the MSSM the decay b → ueν is suppressed by the small CKM-matrix element K ub and can therefore be neglected. In our case we have to include this decay mode.
• The absence of lepton generation mixing in the SM forces the anti-neutrino to beν e . This restriction is no longer valid in our case. Therefore, we have to sum over the three generations before squaring the amplitude because the generation of the neutrino is not detected.
• Setting the mass of the lepton to zero (which is certainly a valid approximation) the computation in the MSSM does not distinguish between the electron and the muon. Here, the two particles involve different couplings. We give the results for an outgoing electron. For the muon just change the "1" in the relevant coupling to a "2".
The results are then, to leading order and with where
4 Results
Parameter independent results
The formulas of the previous section are far too complicated to be treated "by hand" but it is no problem to feed them to a computer. The γ-matrix is independent of the parameters of supersymmetry. With the help of Mathematica [26] it is possible to diagonalize it and find the influence of the QCD effects. In general, the solution of the RGE for the Wilson-coefficients is given by
where 
It is clear that the four-fermion operators including a left-handed s-quark contribute to C 7/8 whereas the ones with a right-handed s-quark contribute toC 7/8 . The numbers multiplying the different Wilson coefficients are all of the same size, hence there is a priory no term which can be neglected.
Parameter dependent results
It is obvious that the Wilson coefficients depend in a very complicated way on the parameters of our supersymmetric model. Changes of λ, λ ′ or λ ′′ not only affect the result in a direct way but also in an indirect fashion through an altered mass spectrum and different mixing matrices. Therefore it is very hard to make general statements on the behaviour of the branching ratio. As mentioned, it is not our aim to perform a high precision analysis of the parameter space [27] but to explore the influence of the R-parity violating couplings on b → sγ with a reasonable accuracy. We know that our results for the branching ratio are only valid at the 25% level because we do a leading-log approximation with large scale uncertainity [23] . However, the influence of turning on the R-parity breaking should not be changed that much when including the next-to-leading corrections. This means that the offset where our curves start (i.e. no R-parity breaking) may change significantly when calculating the next-to-leading-log approximation but the shape of the curve remains more or less the same. The following steps seem to be the most efficient and economic way to solve the RGE's:
• Solve the equations for the gauge couplings. Boundary conditions are the physical values at M Z . They will meet at M X ≈ 2 · 10 16 GeV. Choose a value M (M X ) for the gaugino masses at that high scale to solve their RGE's.
• Set tan β and λ(M Z ), λ ′ (M Z ) and λ ′′ (M Z ) to the desired value and use them together with the quark and lepton masses as inputs at M Z for the Yukawa couplings. Let them run to M X .
• Choose Am 0 to fix the boundary conditions for the three-linear couplings of V soft which are then run down to M Z .
• Next, we choose µ 2i (M X ) = 0. This is of course not exactly what we want because µ 2i andμ 2i will not vanish at M Z . However, in practice their values are so small compared to the other masses that we can neglect them avoiding a mixing between H 1 and L. The next step is the numerical diagonalization of the mass matrices to find the masses of the physical particles and the relevant mixing matrices. As mentioned before, it is very difficult to isolate generic features of the different models. Let us try to make some comments:
• As all the effective couplings depend on the inverse mass-squared of a heavy particle, it is clear that the influence of the new physics is bigger in models with a lower mass spectrum. As a reference model we take the one with tan β = 5, Am 0 = 0, M (M x ) = 300 GeV which results in m 0 ≈ 205 GeV, µ ≈ 600 GeV and a realistic mass spectrum with, for instance, squark masses of around 800 GeV. To see the effect of smaller masses please compare figures 9 a) and b) where the squark masses are around 550 GeV.
• At least two of the λ's must be non-zero to have an influence on the result. There are two exceptions: λ ′′ 123 and λ ′′ 223 alone will give a contribution due to the anti-symmetry of λ ′′ . However, their impact on the branching ratio is so small that no reasonable bounds can be found ( fig. 10 ).
• Already with only one pair of R-parity violating couplings non-vanishing there result quite different effects.
-In fig. 11 we have almost no influence on the branching ratio (due to cancellations of the different contributions) until the couplings reach some specific value where the branching ratio seems to "explode". - Fig. 12 a) shows a situation where the new contributions to C 7 diminished its value to zero. Fig. 12 b) is the result of changing the sign of one of the couplings. This illustrates that the sign of the couplings also plays an important role.
-If several pairs of couplings are non-vanishing the picture gets more and more complex, as fig. 13 shows.
• We can divide the contributions into two categories. Some of them appear only because of the mass differences of the different squark or slepton generations. This can be seen clearly in formulas (42). If the appearing masses were independent of their index the Γ's would combine to an identity matrix leaving only those pairs with an identical third index. This is exactly what happens in the case of λ ′′ 123 and λ ′′ 223 when being the only non-vanishing coupling. Therefore the results for this situation is not very impressive.
• For most of the couplings we cannot compete with the existing bounds but usually investigations on these limits are not made in such great detail and therefore not that expressive. At least we show that finding valuable bounds on R-parity violating couplings is in general a very complex task.
• Please note that in all our figures we did not care about other unrealistic features of the models as the couplings are evolving, i.e. a mass spectrum excluded by the experiment, v.e.v.'s for scalar fields, etc. For instance, in figs. 11 and 13 the peak appears because the mass-squared of one of the selectrons becomes unphysically small (and then even negative). 
Conclusions
To examine the influence of R-parity breaking on b → sγ one has to enlarge the operator basis substantially. At the leading-log level it consists of 28 operators, neglecting Higgs-lepton mixing avoiding this way the introduction of scalar ope-rators. The corresponding γ-matrix can be found with the help of previously known results and diagonalized numerically. The matching conditions of the magnetic penguins O 7 and O 8 get new contributions. Their counterparts of opposite chirality,Õ 7 andÕ 8 , also have to be considered. If one uses the semi-leptonic decay b → u/c eν to cancel the large bottom mass dependence new contributions to this decay must be included. R-parity breaking definitely has some influence on the branching ratio of b → sγ. Due to the large masses of the supersymmetric particles the new couplings are able to change significantly the result only if they are of order 10 −1 . Hence, it is not possible to gain some stringent bounds on them. Moreover, the variety of supersymmetric models makes it very difficult to estimate on bounds of the various couplings. The 45 new (complex) Yukawa couplings offer an infinite number of possible scenarios. The simplest cases involve only one or two couplings present but even in these situations completely different evolutions of the branching ratio are possible.
A Mixing matrices and interaction Lagrangian
A.1 mixing matrices [6] In this first appendix we present the mass mixing matrices for the relevant particles. They are needed for two reason: First, their eigenvalues correspond to the physical masses of the particles and second, the unitary matrices that diagonalize the mass matrices rotate the fields to their (physical) mass eigenstates.
Charginos
The charginos χ 
the mass terms are then
The two-component charginos χ 
where the unitary matrices U and V diagonalize X:
U and V can be found by observing that
They are not fixed completely by these conditions. The freedom can be used to arrange the elements of M 
the neutralino mass term reads
Two-and four-component neutralinos must be defined as
To diagonalize the mass matrix N must obey
where N D is a diagonal matrix. N can be found using the property
The eigenvalues and eigenvectors are found numerically. Possible negative entries in N D are turned positive by multiplying the corresponding row of N by a factor of i.
Quarks and Leptons
The situation in the quark and lepton sector is in almost complete analogy to the standard model. The quarks and leptons get their masses from the Yukawa potential when the Higgs bosons acquire a vacuum expectation value. We define the mass eigenstates by
The mixing matrices must satisfy
(73)
As one can see, the eigenvalues of λ u and λ d are fixed by the quark masses and the minimum of the Higgs potential. In the SM the only effect of the mixing which can be seen is the CKM-matrix K = U L D L † appearing in the flavour changing charged currents. Therefore it is possible and convenient to set
(To be more precise, one chooses λ d and λ e to be diagonal and
) Although in our theory the mixing matrices appear in all kinds of combinations we adopt this convention here, emphasizing that it is a choice made just for convenience. It is possible that one day an underlying theory fixes the values of λ u and λ d at some (high) scale. Please note that in the text we neglect the superscript m for the mass eigenstates.
Squarks and Sleptons
If supersymmetry were not broken squarks and sleptons would be rotated to their mass basis with the help of the same matrices as their fermionic partners. But since this situation is not realistic we need to introduce a further set of unitary rotation matrices. The notation must be set up carefully because the mass eigenstates of squarks and sleptons are linear combinations of the partners of left-and right-handed partners of the corresponding fermions. We define the 6 × 3-matrices Γ in the following way:
To diagonalize the mass terms the mixing matrices have to satisfy
where the matrices on the RHS are diagonal containing the masses squared of the phy-sical particles.
The mass matrices are (with the exception of the sneutrino) of the form A B B † C , where A, B and C are 3 × 3-matrices. For the different fields they are (choosing µ real)
• up-squarks:
• down-squarks:
The sneutrinos have m
Higgses
The Higgs sector consists of two SU (2) doubletsh 1 andh 2 . The real and the imaginary part of the neutral components mix via the matrix
and
respectively. The charged components give rise to a mass matrix of the form (83) and (84) vanishes, indicating the eaten fields of the Higgs mechanism that takes place.
A.2 Interaction Lagrangian
For the evaluation of the matching conditions we need certain parts of the interaction Lagrangian. In addition to equations (27) - (29) these are Squark-Quark-Chargino
and χ ch c ℓ denotes the charge conjugated field.
Squark-Quark-Neutralino
Squark-Quark-Gluino
Gluino-Gluino-Gluon
Note: There is a symmetry factor of two in the Feynman rule for this vertex.
B Renormalization group equations
We present the full set of RGE's for all the parameters of the MSSM including R-parity breaking terms. Our results are in complete agreement with [28, 16] , although we don't restrict ourselves to couplings of the third generation. All the formulas can be derived from the expressions for the most general form of a softly broken SUSY [29] . Let us begin with the parameters of the superpotential W (t = ln µ). 
The parameters of V soft obey the following RGE's: C The γ-matrix
The QCD-mixing of our new operator basis leads to a 28 × 28-matrix. How its elements are deduced is explained in section 3.2.2. Fortunately, many entries vanish giving us a chance to derive the eigenvalues and -vectors with the help of Mathematica. We split γ eff in the three block mentioned in section 3.2.2. The four-fermion operators give the block (we have included the ordering of the operators in the first row)
are given as rows. They are 
We emphasize that the matrix depicted here is γ eff . In the HV-scheme it should coincide with the uncorrected γ. We have checked this explicitly for all the entries. 
